The objective of this work was to screen fungi isolated from soil of different areas of Punjab, India for antioxidant activity by dot blot assay and around 45% of fungal isolates demonstrated antioxidant potential.
INTRODUCTION
Biotechnology consists in the use of cellular systems for the development of processes and products holding economical and social relevance to humankind. The fungi are of great biotechnological interest in the fermentative processes that culminate in the production of secondary metabolites (19) .
Filamentous fungi produce a diverse array of secondary metabolites, the small molecules that are not necessary for normal growth or development (11) . Secondary metabolites have a tremendous impact on society and are exploited for their antibiotics and pharmaceutical activities such as anticancer, antitumor, immuno-stimulatory, and antioxidants (6) . The polyphenolic compounds are the secondary metabolites commonly found in plants, mushrooms and fungi and have been reported to possess multiple biological effects such as anti-inflammatory, antiarteriosclerotic, antitumor, antimutagenic, anticarcinogenic, antibacterial and cardio protective actions including antioxidant activity (15) .
Free radicals are implicated in the pathogenesis of various human diseases such as arteriosclerosis, cancer, diabetes mellitus, liver injury, inflammation, skin damages, coronary 766 Arora, D.S. and Chandra, P.
Antioxidant potential of Aspergillus isolates heart diseases, and arthritis (17) . Antioxidants serve as the defensive factor against free radicals in the body. Synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-butylhydroquinone (TBHQ) are usually used as food additives by the food industry to prevent lipid peroxidation. However, their application has been limited because of possible toxic and carcinogenic components formed during their degradation. In view of these health concerns finding safer, more effective and economic natural antioxidants is highly desirable (13) . A number of plants and mushrooms (fruiting body) are commonly known to produce antioxidants but there are few reports on lower fungi (21) . These include Penicillium roquefortii, Aspergillus candidus, Mortierella, Emericella falconensis, Acremonium, Colletotrichum gloeosporioides (21) , Mycelia sterilia (17) , Antrodia camphorata (23),
Chaetomium sp., Cladosporium sp., Torula sp., Phoma sp. etc (9) . A lot more fungi still needs to be explored as the production, downstream processing of actual bioactive phytochemicals from plants is quite tougher as compared to microbes. Keeping above in mind the present study was planned to screen and expand the spectrum of fungi having antioxidant potential and to optimize the culture conditions to enhance the activity.
MATERIALS AND METHODS

Experimental
Fungi were isolated from soils of different regions of 
Quantitative assay for DPPH free radicals scavenging activity
The scavenging activity for DPPH free radicals was measured according to Zhao et al. (29) . An aliquot of 1 ml of 0.1 mM DPPH solution in ethanol and 0.5 ml of extract were mixed. The mixture was shaken vigorously and allowed to reach a steady state at room temperature for 30 min.
Decolourization of DPPH was determined by measuring the decrease in absorbance at 517 nm, and the DPPH radical scavenging effect was calculated according to the following equation:
Where A0 represents the absorbance of the control and A1
represents the absorbance of extract, A2 represents the absorbance without DPPH.
Determination of antioxidant activity by reducing power measurement
The reducing power of the extracts was determined Antioxidant potential of Aspergillus isolates according to Chang et al. (5) . An aliquot of 0.5 ml extract was added to 0.1 ml of 1% potassium ferricyanide. After incubating the mixture at 50 o C for 30 min, during which ferricyanide was reduced to ferrocyanide, it was supplemented with 0.1 ml of 1% trichloroacetic acid and 0.1% FeCl 3 , and left for 20 min.
Absorbance was read at 700 nm to determine the amount of ferric ferrocyanide (Prussian blue) formed. Higher absorbance of the reaction mixture indicates higher reducing power of the sample. 
Determination of ferrous ion scavenging (metal chelating) activity
The chelating activity of the extracts for ferrous ions was measured according to Zhao et al. (29) . The reaction mixture containing 0.5 ml of extract, 1.6 ml of deionized water, 0.05 ml of FeCl 2 (2mM) and 0.1 ml of ferrozine (5mM) was incubated at 40 o C for 10 min and the absorbance measured at 562 nm.
The chelating activity was calculated as:
represents the absorbance of extract, A2 represents the absorbance without FeCl 2 .
Determination of nitric oxide (NO) scavenging activity
Nitric oxide production from sodium nitroprusside was measured according to Kang et al. (10) . An equal amount (6 ml) of sodium nitroprusside (5mM) solution was mixed with 6 ml of extract and incubated at 25 o C for two and half hours.
After every half an hour, 0. 
Determination of total phenolic content (TPC)
The total polyphenolic content was determined colorimetrically using the Folin-Ciocalteau (FC) method according to Singleton et al. (22) with some modifications.
Test sample (0.5 ml) was mixed with 0.2 ml of FC reagent and allowed to stand for 10 min to which 0.6 ml of 20% sodium carbonate was added and mixed completely. 
Effect of carbon and nitrogen sources
To find the best carbon source, sucrose in the Czapek dox's medium was replaced with different sugars (glucose, maltose, lactose, and starch) while to work out the best nitrogen source, sodium nitrate was replaced with different nitrogen sources (yeast extract, peptone, malt extract, and casein) at same concentration i.e. 3% and 0.2 %, respectively.
Thermostability of antioxidant bioactivity
To check the temperature sensitivity of the culture broth for antioxidant activity, it was subjected to 40 o C, 60 o C, 80 o C, 100 o C for one hr and the heat treated broth was then assayed for the residual antioxidant activity.
Effect of different organic solvents
To work out the best organic solvent for extraction of bioactive component, the culture broth was treated with different solvents viz petroleum ether, chloroform, ethyl acetate and butanol. Solvents extracted components were then evaporated to dryness in vaccuo and the resulting solids were reconstituted in methanol to get five times concentrated stock.
Then this stock was checked for their antioxidant potential by various assays.
Statistical analysis
All the tests were performed in triplicate. The results are expressed as mean ± SD values. Pearson's correlation coefficient was also analyzed. p value less than 0.05 was considered statistically significant.
RESULTS
Rapid screening of antioxidant activity by dot blot assay
Antioxidant capacity of fungal extracts was detected semi- 
Comparison of antioxidant potential by different quantitative methods
The different assay procedures demonstrated both 
Total phenolic content
The TPC of Aspergillus extracts have been expressed as gallic acid equivalent (GAE) i.e. mg gallic acid /100 ml culture. TPC are known to be responsible for antioxidant activity and both the Aspergillus spp. possessed high TPC, which is positively correlated with their antioxidant potential.
The TPC of Aspergillus PR78 (16.74 mg/ml) was higher than Aspergillus PR66 (13.05 mg/ml). (Table 1) .
Effect of growth period:
The antioxidant potential measured by different assay procedures was best expressed on 10 th day, which subsequently declined up to 30 days (Fig 1) .
Effect of temperature and pH: The antioxidant potential
with different assay procedures demonstrated the best activity at 25 o C (Fig 2) and between pH 5-7. No activity could be detected at extreme pH values (2, 3, 10, 11, and 12) by any of the methods (Fig 3) . 
Effect of carbon and nitrogen sources:
The antioxidant activity was best expressed in sucrose as carbon source (Table   2 ) and the order of activity under various other carbon sources was as follows sucrose>dextrose>maltose>lactose>starch.
Similarly sodium nitrate was best among inorganic as well as organic nitrogen sources. Though peptone and yeast extract were also good source of nitrogen. The order of various nitrogen sources showing activity was as follows sodium nitrate>yeast extract>peptone>casein>malt extract ( Table 3) .
Thermostability of antioxidant bioactivity:
Thermostability of the active components in the culture filtrate responsible for antioxidant activity was checked and found to be relatively thermostable. The antioxidant activity decreased with the increase of heat exposure. At 40 o C the activity decreased by only 3-27% in both the organisms, while at 100 o C it suffered a maximum loss of 50 % in its activity (Fig 4) .
Effect of different organic solvents:
The extraction with different solvents revealed ethyl acetate to be the best solvent to elute the components responsible for antioxidant potential that was followed by chloroform and butanol extract.
Petroleum ether extracts did not show any activity. The activity exhibited by the broth extracted in different solvents indicates that there may be many components with different polarities present in the broth (Table 4) . (between 100 to 150 RPM) (9, 12, 25) . The optimum period of incubation for antioxidant potential of the isolates was found to be 10 day and subsequent decline in bioactivity could be due to the exhaustion of nutrients available for the fungi. corroborate the previous studies in which there was no bioactivity at pH extremes (14) . This may be due to delayed metabolite production caused by delayed mycelial growth or due to a reduced production of bioactive metabolites under such pH conditions. This shows that pH of the growth medium can also significantly effect the production of secondary metabolites. The pH is related to permeability characteristics of the cell wall and membrane, thus affect either ion uptake or loss to the nutrient medium. The over all positive correlation can be seen between the phenolic content and antioxidant capacity ( Table 5 ). As the total phenolics increases, the antioxidant capacity of the extract from both the Aspergillus spp also increases, indicating that phenolic compound in the extracts are able to scavenge DPPH, 
DISCUSSION
